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(57) Abstract: An organic EL 
device comprises a first electrode 
consisting of light-reflecting 
material, an organic layer with 
an organic luminescent layer 
and acting as a resonator, and 
a second electrode consisting 
of a reflective half-transparent 
layer and a transparent material. 
To obtain light resonating with 
a certain spectrum width, L 
is minimized provided that 
(2L)/ A +sg(fX2 71 )=m is satisfied, 
where <t> (in radian) is the phase 
shift appearing when the light 
from the organic luminescent 
layer reflects at both ends of the 
resonator, L is the optical distance 
of the resonator, and A is the peak 
wavelength of a desired spectrum 
of light 
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m la m 

W<8fcr*4tf>ai l,nD*5*9t>^ (Electroluminescence) **<J 
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^ 7 7 7 § 3 , WMIETLfm^Ji 4 „ ^*&%#Ji 5 6 h 

15 fcJ: 9 tenmft&ft&ZmmLlstzWtwt&teZtiX*5t>-f^ /A^igl?^ 

- 1 2 7 8 8 5 -§-&fglz(i s m 3 St^if- <fc o m^mmiz 1 / 4 
jS«(i3t«t £ll^fc-tfTg2gL/-c||fj55c?>Wt£E Li/f^ 
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S^Ai Lfcif Tf2<E>5t ( l ) ^^fc-r|gHT^^g|5©^^gg 

(2L) /A+4>/ (2*) =m (mtiSS) (l) 
10 C O J: •? ^MO^ I ©^I?T*(±, ^^$P^>^^^ggg|L ^ 

4 £An*fcTi2<Z>;t (3) £Sffc-T J: o K7fc3*W8g« L ft 
25 T^& 0 

( 2 L) /X + <t>/ ( 2 * ) =m (m(iS») (2) 
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( 2 L ' ) / A + d>/ ( 2 k ) =m 1 + 4 (3) 
-3 ft#fj5£c7)Sf| 2 Ol/^I?fii, * (R) . » (G) , W 

10 *itf>^©x^? h^f-^g^At TI2©xC (4 ) £ 

Ofiftq«-iD^feTIB05EC (5) *Sf fcf J: 9 {C^WffiK L ' 

( 2 L) / A +<!>/ ( 2 * ) =m (m(iIS) (4) 
15 (2L')/A+4/(2x)-ml+q (5) 

COi^«tt^IfT-(i, * (R) s i (G)., f (B) tf>#Mif& 

&m&x&mLxmmm2nmfr*J&Q&tsnzxzMm-tJBij7- 
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is m 5 7 <Dm.7TsM?&^ m a (Dm^m^tm i ~m 3 ©a 

£tz^ ±tz(D£ytiimmzMm.-t&tz#>(Di&cD5£B8i±^ mimnt 

±izytKmtimfrp>tz&m i $s#»;Rtf«iH«*4*£tt*gi2 
m«#jR2fc§iJB3tt* si? 2»@s.^7fe®<D^/«£ < <h & — :£#&igf§ 
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m*7a-fv&&m. mimi*. zomwom imife&miz£&mmEL 
>m^7rs-r^mm, mi omit. z\(D^<om 1 mmi&miz&zmm 

10 Z(D5£W<»m 1 Hife^^Kcfc *W*£E L^&t/-€-tf>it38#|4>feJgM 

mi 3Elli. £©fgBfl(7)f}§ 2fl*feJgjjitz<|;£Wt&E 

L^^^^-rM^PirMia^ mi tmit, z(D&we>m2mi&Bmiz& 

^ l-— ^ 3 >m$:7KTv&i&m. m i 5 mit. z.<Dmw<om 3 n 
15 mmmizx^mwLELm^^m-rm^mm, mi emit, ze>mw 
?>m 3 mmmmiz^&mmE Lm=?izistf&&mmmfa<o-7 * 

ttS-zTtX^J' MKT) v ^ ^ b-i/ 3 >0d£^-riBS*£gL 1 7 12 1±. 

ntz?t(DxK? h/i/©-> ^u-vb yMZfr-fffemm. m 1 8iat±. 
20 z.o)mm^mm^ti^moymwtE Lm=p^7jk-rm^mmm. mi 9m 
ti. c (D^m<DW> a nmmmiz&&&mELm?%7jk-tm%H3Tffim, 
mzomit. z<D&wv>m 4 mmmmtz j;£w«£e lh^k*?^-?:* 

7-7 ^ L<7>it^0^3£^l*#t4£^-rx^? h /K/>-> = ^ b 

-v 3 v^j^-^i-BSJiia. mz 1 @ti % z\e>%.m(Dm 4miMmmizj: 
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««r/xs-r*«H. 312 sat*. - v>&w<»& 4 mmmmiz £ e 
*o. mmi i±iz. Tmfrzmizmmm i 2, tiii 3. *m 

OT% Mz.tf&& (Pt)^(Au) % 9uL. (Cr), 
>^X^> (W) *©*fi««fiT«i«JftT^«. *fc, ZXDMl 
mmi 2(4. MUM 0 0nm~3 0 Onm©«lKfitsnT^« 

mmm i 3 7 7 ii3a, mnmrnm i 3 bM 

MTDATA C4. 4' . 4"-tris (3-methylphenylphenyIamino) triphenyl 
amine ) , 2-TNATA (4. 4' , r-tris (2-naphty 1 phenyl ami no) tr 
iphenylamine) ^T-#f $c £ ft <£> „ /\' 7 7 7il 3a(± % »; — ? 
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bti, f»J^.lfa-NPD CN. N* -di (1-naph thy I) -N, N' -di phenyl- Cl. 
l*-biphenyl ) -A, A' -diamine ] T*m$LZftZ> B fit, ^Wt^^tM 
1 3 cl± s ^ (R) v m (G) . » (B) "tn^tiCD&yt&Z^-fz 

Alq3 (hUX+yy Afg#) 

WftJi 1 3 £#fJ55clh& ;in£><D#Jlti N ^«/7 7il 3a*n 5 n 
m~ 3 0 0 nm. IE?U&3!Jg 1 3bAM 5 nm~ 1 0 0 nm. WttSI 
Jtm 1 3 c £M 5 nm~ 1 0 0 n mOigBtzig^ $ n<£> d £ * L 

v^^^^A (Mg) *>|g (Ag) N fnt>(D^ffi^$ 
tiTi^ ZV>*mmKMm 1 4li. Igjp#5 nm~5 0 nmOSSB 
15 Kf9:££nT^£ c: ttm $. Lu 0 

$ t»tc, m2mmi 5 ti. 09*tf»fl:-r VvWxX (Indium Tin 
Oxide: I TO) V t A t MtSO&ft^. — »ttJ£3i?Bmg 

A»30nm- 1 0 0 0 nm^ilT^^^ £/- c> 2 

lt. mt-> u a > cs i o, ) . Mfk-> y 3 > c s i n> mzm^ 

<£> :H<T-t flUtf 5 0 0 nm~ 1 0 0 0 0 n m <7>j^J?T-/£0 * tl 
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i 3 t*mw&&m i 4 t-exmummifimiaztLxtso^ mmm i 

3 ;6^il$fl <h ft o T <^ £ „ ^(Dtztb^ % 1 Mm 1 2 tf^Mltl 1 

5 ©*/httfcft*#¥«ffilIL... «$nn^, fcfcu win 
^inc x&£.vtzyth&m i «@ i 2Si;^BMiii 1 4 r-^ 

10 ( 2 L) / A +&/ ( 2 *: ) =m (mtiggO (6) 

*LT. Will 3 in*»fctJ:9C 
::t\ #*BSS.0>7£9£fi9ffi*tLl;U till 3 £jg 
J5£-T6£-JS (d£>3l 1 MMJ&Bfcis^Tlt'ty 7?il 3a. JETLIro 

mm i 3 b&i;w«ii3tii 3 c ) tf>#M#r^n 1 . n 2 . ~, n k 

15 tmmd 1 . d 2 . dkt^S, Tieoxt ( 7 ) <D& •? izjfrtbh 
tl& „ 

L=nlxdl+n2xd2+— +nkxdk (7) 
L ©SHIfll^tf £ a-. V 7 7 |1 3 a^'2-TNATA, iETL 
^iiS 1 3 b^a-NPD. Wif£;ftJI 1 3 c & A 1 q 3 h 0 . 
20 fnb©I$^'ftl^nd 1 = 3 2 n rru d 2 = 3 0 n m. d 3 = 5 
0 n mT*& 0. A= 5 3 5 nmttSi, n 1 = 1 . 9. n 2 = 1 . 
8 . n 3 = 1 . 7 T*£>&fr £> s 

L = 1 . 9 x 3 2 + 1. 8x30+1. 7x50 = 200nm 

£ £ o 

25 ttz^ cixi^o^ -9 (3 lt m&znz. -r ^-r. s« cm 
> s i s«) ±izKmm cc rm) ztza^mwfcmm cm g „ 
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Ag. Mg-Ag^i) *2 0 0 nmU±<DmmiZf$.mL^ 

y-ryy h y-»s«E« (flUtf. s o p r a^i^o^o^) 

5 R£fJHHtf)&*§v7 M±. ^£Dn, k <h . C tf>^£fjp b T ^ * 

mWtmvmffimn tZm^X^m-tZZ ttfX-fi Z Princi 
pies of Optics, Max Born and Emil Wol f, 1974 (PERGAMON PRESS) ^ 

* (D±j5<D&mwm(Dmmm%Lvmm t*m ^x^m-t z z t &x- * 
w.zm^xmfe~°stfex$>z 0 

±|B CD 2 O (D & *B 2/ "7 h £D fa <£ X* $> Z> „ 
15 QKDmcD-rmZlglfZ A= 5 3 5 nrai:*tLTO = -4. 7 7 

zv & n izm&cis ntzm®.E Lm^xit^ Kmmx&zm 1 mm 1 
2 tw&jg i 3 t*MWKmm i 4 t-eftfisifi^^n, &m 

me i 5 iin^^K o ta^ti^o z(Dtz#>^ ^ h 

j? (#*ssp©3fc¥Wffi«L) t*. an me i 2 tmmm 1 3 £*>gBj§ 

&&nT&-f & m h x~m t> a: iz &tz n & „ 
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^5®(C N Z<D£TlzLTmsti5tltz (::T?(ia (6) fcfctf* 

9 b)v<D*/~ a.u-v 3 >w*Ki- B £tz^ mi mm i 2ici±y-aA x 

M 1 3 cT«$^^lf#$*ft:K0tULfc3feox^^ h 

10 ifcJtKWtLT, i8@C, *t (6) ^%St/s-T*<3t^W«griL 
A«jE©«/htttw/i^/j:^ (^T-lim=l) Wi E L M^fr £>IR 0 £b 

L^^<h|5|^l(z«^c$n. # (R) fSitO^^^^f^W^EL^^ 
15 liA'777i I3a$-2 4 0 nmtL,H(G) 

L^^fi/<.y 7tI1 3a?-l 9 OnmtU W (B) 

20 ;l/©y < a U-y 3 V^Jf^O, C <£> g| (D X ^ ? h )V £ WtH^T^® 1 
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it ^&mn v>mm ■?&mm<ofo± & z t **t- # * . 

SHI OSli. g 1 ^«S^«I(ZJ:*W«E LI? (m=0) <D&&ft 
5 #c#t££^l. % ifvIC^LTO* (IE®) > 3 0°. 6 0* 0>&S 

l^ti. it 3&0"Jtf>Wt&E Lit? (m= 1 ) ©agftft#tt*Txf;77 

(i ^A<h*v7 h lTi> 6 0° fnfc^T^^T^^n/b 

©fcT-?li 1 0 nmit©y7 h tZJR * o T t> <£> „ d nic *f L T J±4£ 

iotiELi^fii, bi i lat^-r^tc, o° -rn 

15 fe»9TLj,t^-s:tw^„ zo>z tfrt,^ m immm 

E L^?£ *) < jfll^bni); £ z^tillg £nfc„ 

20 0 7>>*7>*^Ifci^ it (6 ) (i. Tf5tf>5£ (8) ©i9tf # 
( 2 L) /A ' x c o s 6 +<P/ ( 2 * ) =m (mtiM&) (8) 
H,?ft&0>7>'<9 hMt-^S) tt^t, 5£ (8) ^bAA = 

25 (i-cosfl) ufto, Pimmmmzmm^-z>tz$><bm®.m<Dm 
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10 iztt&Oit^ 0 um&iz «fc & 0 Ty-K«@, -r^h>*»^i« 

@ 1 2t*V- Klg, -T^iD^^JgB^^s 1 4 t-eitcZRSm 
O&mis? hO*Q£<I>7^T >> WtSM 1 3 O^ftjggt^L. ft© 

£ = 2 tc • 2 L/ A + <I> (9) 
15 T-£& 0 ::t% 

6 = 2 tc • m (m(±Sj&) (10) 

tr* ( 9 ) . (10) *>^>. 

2L/A... +d>/2^=m (mliil!) (11) 
20 5* ( 9 ) 1 3 O^^ggHL^/jN^ < /j:^ £ x a© 

^ 1 mifemmiz £ zmwtE l m^Ffr t>m 0 tts^n^Tt^fejgj^^ (^ 

25 £BfJ) $r^-r o i /iitU0y £ LT> CRT (cathode-ray tube) Ofe 
&mm (CRT) Rlfm l @*ffl^Ti8i>llLfcft3fcO!>W«E Lm?fr 

I 5 



WO 01/39554 



PCT/JPOO/08233 



bi —mftm&momm&itx'*? bjiwim (spec 

trum locus) . M!&ffil±1&m®l8t (purple boundary) £^-T 0 ZLfth 
is*). C R T t lil?|5) L'feH^^H ^{f^ $ ft & d t ^filfg £ ft/c 0 

io mmi 5v>±m&M (#U(£. j^nrntoinm) txpkummm^m 
15 sin 5*>^^^^^o^wsggiL (^t-[i, mimmmmt 

ES'JLTLz <h-r^>) TIB©^: (12) ^mtztmCO d *> . #i:L, 

ta^st (i3) sr^/cir &7tift¥mmL t vmrnztix^z. tzt- 

U Wtl^lTfe® 1 3 cX5£$L^tzlbYifr#kWi& ($21^1 5) Oofi 
20 ^ "T £ fig (c£t; 7 h ^H)7y7>, ?t(D*U V )VCO 

f-^^fi^Att^. ftfc. ^2f@l 5±lz. 3^216 1 5 

if^tiT^&m&izii^ z<D'*>y v^- -> 3 >mtm z mm i 5t# 

25 ( 2 L . ) / A +cp/ ( 2 * ) =m (mtifift) (12) 

( 2 L* ) / A +<D/ ( 2 7c ) =m 1 + 4 (13) 
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:o<t i izmwt z titc&m%$ a-u^t>mz mm 1 5 ) t± x m 1 4 

5 &E L^K&^T. ^2«@1 5 ^£&&^^^(7>7fc3*£jji§g|L 2 

% ^mt-r Z Z t # £ e 

SHI 5Sti. d©^BgcDm3©Hife^M(cj:^WIIEL^?^^-r o 

-o^i 5 sk^-tw^e Lm^n. mAmizTTs-rmimmmmizj: 
mmmjktfm 2 mmmmtm mi^xL, t-t&) it, tib^xC (u> 

15 Zffitz-fm<Do ^CL, ^iEW«/jNil{c^:^m (*-cc>m£m 1 £ 
« < ) izft LT 1 0 &L±<D&m q „ IfiKlili J^lOSS q 1 £ 

an**^ d5) zmtci-£Tttit¥&jm&L i «$nt^5„ * 

#U Wm^Tt® l 3 c T*f££ L/cfth^jggB (^ 2 Mm I 5) CD 
20 0t'-^IS^Att5. H21i l SJitz, :oi21g'l 

( 2 L . ) /A ( 2 * ) =m (mt±fig[) (14) 
25 ( 2 L , ) / A +4>/ ( 2 tc ) =m 1 + q (15) 

-©i o is ntz&feu (i-tefr*>m zmm i 5 ) i 6 
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mizmt* ? # ( R ) > *i (G) x if ( B ) <D&&tiUzjstf&& 

wi-tz&mttt*. *<Dmww&m$}m<tezz.£zmm.-rz mm 
Mi:^t*$.^ 0 m 1 mmmm-emm^tzpimttoMmi, 

20 ^2«@15 (S^o±SP£Oa'7 v< — -> 3 >R) *^ <=>#<5>^$P 

25 -.Kmttfcu ^s^^s^-^t;u^ a (a 1 ) mv>fcmm<D±& 
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mi 8ii:^n^c, * 1 mm i 2 *jtK»*r»^?,a* 
*v-Kiitu ^2«@i 5 *&mmm*£>&*Ts- mm* 
5 u^iisi 2m&t>m<kmm§£ftmi 3 c . jE?ua&j§i 3 b& 

W&JS 1 3 211811 5 t^btr-oo^lgpu, 
£3fe»l 3 cfMLmWiil 3©T^ 2 tom 

mm 1 5 toratzistf ^nA:««cDt©^taiffl-r«c: t&x-zz. 
mimmi 2 frhtiZKmmtmmm 1 3 t^mwRmm 1 
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Ztt-t& 0 ^ (R) $lM^3¥:5-^t--5>^? lcti# (R) 

5 v$}&(Dyt<D&zmm-f&jj =? — -j ^ )\,$ i o R^t^it^n. u. (O 

7*;!,* 2 0 G^tt^ti, W (B) MM^^^^Tt-r^^^lctiW 

(b) mm(Dyt<D&$:m&-t& ts << z o B&mi znx^ 

10 fLT, 1 3^£*£*^iS^3£^i$i2§g|Lti % ^lljfe^ 

T^& 0 £ tz£ ^c, v — 7 ^ 2 0 (-*Jtt^jgig^05i^^^ 
15 i^ii L^. 

2 offld) frt>mMzn&ftytu<D7 .©ftiELi?*^ 

< )\<9 2 0 $*iii§LT^^$p <r T-(iWt£JS 1 3 ) KitL. -eofte 

25 h i izM-tz&mmtmmizm^ Lfc^st, * 7 -7^i,no 
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(tm»4BC*Lfc«iEL*f) (OftKKmmVzsZ*. U- 
> 3 0 2 OB*. BCiff (B) fe!67tC!)WtlEL^^ 

U Gltm (G) fe**OW«EL*fO^E»t 
.XsL. R(i^ (G) fe^OfiELIfOM^^^t. 02 0 

OR. 2 0G. 2 OB) ©aaUttt^t. 0 2 IS*, Btt* (B) 
6M©W«ELifl:Sljn*A7-7^ 
G(i« (G) 6SI*0*iEL*?i:SlJft 4 j, 7 - 7(f; ^ oa 
Rlijfc (R) .fia*oflEL*?tE«n**9 
-7^;o2»»tttT,t. 0 2 1 il^tJ:^:, 

L*?©*#«#*R t (A) (*. TIB ©5t (16) (DJ:TlzmZtiZ 0 
R t (A) =T (A) XR (A) XT (A) (i 6 ) 
^2 Zmiz^ 0 1 9 0(c^LfcW*lE LM?<DftX:]ximmt LT. 
*C (16) SCi^ot, 02 0@S^2 1 00jr77^Lfcy 
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S a U-v 3 >mm*r^-r. f 2 2gtfj x Bti» (B) fefg*C[>W*§S 
ELI?©M^^/tL, Gti« (G) fe£&©W«ELf6^©# 
#£t**a*U Rt±# (G) fe!63t<0*«EL*^©^KW**b 
T^* 0 fit 2 2BK*n^C, ^iELi^U, «6*fefe©t? 

1 3 flT*#££ Ltz 5I^O-9^. KOajLfc^f-? 
10 zcotzft^ E L ^ L fc^^oM li , 

fh$n^^^®H$— ii:$-^T^^/ca6. *v--7^;b^2 0 
Lfct^iicMH, Will 3 fc^TSWHWlzfll*. 

25 ^Ct^ft^, 
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5 £*±M£ftM^W<£E L LT. $ h \z ij 7 - 7 < ju 9 &K 

3 mmmmizis^xmm Ltz^mmcDmmE li?i;*7-7^ 

mzm&L-3mytTlzisVzzi> h^A^(c|Sj_h$^^c: £ 
&lZttfe-t*2km&<D?tmftmML Z#M<t-fZ-Z. £ Z £ 

tzwrn *n & z. t # * . 

25 oaj-r«^©w«EL^^tct»ffl-r*«#(zti. mxnm2 3miz 
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2, 7;- b'nmzmte*>¥-mwE.Mm 33,^*7771343,1 
M*a&# v- k as i mm 3 5 «r«ui£-e\ mwmfo 3 1 

5 ^^-^b-i±TEa-r^o ft**. *7-7^^2 0li, igBJ!g&3 1 

^ 2 m& 3 2 twreii-Ef it & 
^ xfcu & z\ t fr^m iz tz & . 

15 !»*©»H 2©^*^(3j:ntf. 3* < R ) . » (G) „ » 

20 $t>K. »^<©|gH 3 oa^^^t^ctntf > #(R)xHc(G)> 
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T&&mcDm±tfmzfttzm7jim : £zmz z t&x-zz. zornm. 

^T/£t;f £ £ Higgled. 
10 ^*S(C[r]±$H±-S d t A<BJtg(c^^> 0 
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m * o> m m 

^©K 0 Hf, Ltz^yt&x^C? h /K7>t:*— ?^S£r A t VtzmS, ^ 
10 ( 2 L) ■/ A + 4>/ ( 2 * ) =m (mlifiESO 

2 . #jRi**f*4^£ft<&3& 1 mm tmvmmfr 2 mm torn 
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